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ATTEMPT ALL FOUR QUESTIONS 


Question 1 


(a) The electric field in some region is given by the expression: 


E(r) = Ga, + 2sin@cos@sin ga, +sin cos ¢a, ) V/m, 


‘ 
where k is a constant. Find the charge density. 
[8 marks] 
(b) Two infinite conducting plates are placed at z = 0 and z = d and are maintained at V(z = 0) 
= -Vo and V(z = d) = 0, where Vo is a positive constant. The dielectric region between the 
plates has ér = 1.7. Solve Laplace’s equation and determine V, Eand D between the 
plates and the surface density, ps, of free charge on the plates. All distances are in 


metres. 
[12 marks] 


exp(— Ar) 


r 


(c) Given the potential V(r) =A [V], where A and / are some constants, find the 


electric field and calculate the work done in moving a 2 nC charge from (1, 2/2, 2/2) to 


(2, 2/4, 2/3). All distances are in metres. 
[10 marks] 


Question 2 


(a) Show that the central electric field E=r"a, is conservative (irrotational) for arbitrary 
constant n. [3 marks] 


(b) Ifelectric current density J = J,a, (J, is a positive constant) everywhere, find the time 
rate of change of charge density o. Then, for a sphere of radius R centred at the origin, 
find the total current / through the surface of the sphere, and find the time rate of 
change of charge Q inside by integrating 0p/0t over the volume of the sphere. [Note 
that 0o/6r=-V-J] 

[12 marks] 


(c) Find the electric field at point (0,0,4) on the axis of a circular ring of radius a and of 
linear charge density p,, lying in the xy plane and centred on the z axis. Show that if 
a<<h the electric field is similar to the field due to a point charge. 


[15 marks] 
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Question 3 


(a) (i) Sketch a graph showing a typical B-H hysteresis loop in a ferromagnetic material. 
Label the axes and indicate remanence and coercivity. 
(ii) Briefly explain the physical meaning of remanence and coercivity. 
(iii) Explain how you would distinguish "hard" and "soft" ferromagnetic materials by 
looking at their B-H hysteresis loops and provide one example of an application 
of each type of material [10 marks] 


(b) Describe four differences between paramagnetic and diamagnetic materials including 
their behaviours in a non-uniform magnetic field. [4 marks] 


(c) Figure 1 shows a toroidal permanent magnet with a small air gap between two pole 
pieces. There are no current carrying windings around the magnet. L is the length of 
the magnetic material and / is length of the air gap. 


Figure 1: Toroidal permanent magnet. 


(i) Using Ampére's law, and defining the magnetic flux density in the gap to be Bap, 
show that the magnetic field strength H;, inside the magnetic material is given by: 
Bl 
gap 


Mol 
In your derivation, make the assumptions that / is small compared with the 
thickness of the magnet and that the thickness is small compared with the radius 


in 


of the loop. 
Briefly explain how you used the above assumptions and briefly explain the 
significance of the minus sign in the equation above. [10 marks] 


(11) Draw a copy of the magnet into your answer booklet and draw in the closed loop 
integration path you used when applying Ampére's law. [1 mark] 


(d) Using the magnetic boundary conditions (in the equation sheet) for parallel and 
perpendicular components of H and B across a boundary between two media of 
different permeabilities sz, and j,respectively, derive the law of "refraction" of 
magnetic field lines across a boundary between two different media, which is given by: 

tn@ 


tanO, =, 


where @, and @,are the angles between the boundary normal and the field lines in 
medium | and medium 2 respectively. [5 marks] 
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Question 4 


(a) Consider the current-carrying loop in Figure 2. The loop is an equilateral triangle abd 
with sides of length 1.00 m, which carries a current of 7.60 A, travelling in an 
anticlockwise direction. Point ¢ is the triangle's centroid, which lies at the intersection 
of the perpendicular bisectors of the three sides. Point o is the origin of the x-y 
coordinate axes. 


a 
(-1 ) 0) qd, 0) 
Figure 2: Triangular current-carrying loop. All distances are in metres. 


Calculate the magnetic field strength H (magnitude, direction and units) at point c. 
Hint: Use symmetry to simplify the calculation and assume the currents are 
filamentary. [10 marks] 


(b) A proton moves with a uniform velocity 6.50 ay m.s" in a region containing both 
uniform electric and magnetic fields. 


i) The magnetic flux density is given by B =0.300a,T. The electric field is 
arranged so that the particle experiences zero acceleration. Write an expression 
for the electric field E (magnitude, direction & units). [8 marks] 


ii) Briefly explain why the arrangement described in part 1) is sometimes called a 
"velocity filter". [2 marks] 


(c) A conducting bar (marked PQ) can slide freely over two, stationary, thin conducting 
rails as shown in Figure 3. Calculate the induced voltage measured on the voltmeter 
connected between the two rails at the points where they meet the x-axis; 


i) Ifthe bar is stationary at y = 10.0 cmand B = 4.50 cos(10°) a, mT. 
ii) Ifthe bar slides at u = 22.0 a, m/s and B =4.20a, mT. [10 marks] 


Figure 3: Bar sliding on rails. 


PHYS204 Trimester 1, 2014 


LIST OF EQUATIONS AND RELEVANT CONSTANTS 


Physical Constants 

Quantity (Units) Symbol Value 
Permittivity of free space (F/m) 0 8.854 x 10°17 
Permeability of free space (H/m) Lo 4x 107 
Intrinsic impedance of free space (Q) 70 376.7 
Speed of light in vacuum (m/s) 2.998 x 108 
Electron charge (C) -1.602 x 10°" 
Electron mass (kg) Me 9.109 x 107! 
Proton mass (kg) Mp 1.673 x 10°” 
Neutron mass (kg) Mn 1.675 x 10°" 
Boltzmann constant (J/K) K 1.381 x 107? 
Avogadro’s number N 6.022 x 10° 
Planck’s constant (J.s) h 6.626 x 10°* 
Acceleration due to gravity (m/s’) g 9.80 
Universal constant of gravitation (kg’'m’s~) G 6.673 x 10"'! 
Electron Volt (J) eV 1.602 x 10°” 


a, xa, =a, 
a, xa, =a, 
axa, =a, 
a,xa,=a, 
a,xa,=a, 
a.xa, =a, 


a, -d,=a,-a,=a,-a,=0 


fe) 
a, -a,=a,-a,=a,-a,=1 


a, =cosga,—singa, 


a, =singa,+cos¢ga, 


a, =cos ga, + sin ga, 


a, =—sin ga, + cos ga, 


eee, oe 

a, xa, =a, a, -G,=a,-a,=a,-a, =0 
a,xa, =a, a, a, =a,-a,=a,-a,=1 
a,xa, =a, 


a, =sin Ocos@a, + cos @cos ga, — sin ga, 
a, =sin@sin ga, + cos@sin ga, + cos ga, 


a, =cos0a, —sin@a, 


a, =sin @cos @a, + sin Osin ga, + cos Oa, 
a, =cos@cos ga, + cos@sin ga, — sin Ga, 


a, =—sin ga, + cos ¢a, 


a,=a,xa, 


Differential Terms 


A. Cartesian Coordinates (x, y, z) 
dl =dxa, + dya, + dza, 
dS = dydza,;dxdza,;dxdya, 
dv = dx dy dz 
A=Aa,+A,a,+Aa, 
VV= a f aay =f li a. 
Ox Oy OZ 
0A, OA, A, 
= + 4+— 


V-A 
Ox Oy 
OA OA 
VxA= eee a, +| hela, + ees a. 
Oy OZ =x Ox oy |~ 
2 2: 2 
ye ey 
Ox” Oy 


B. Cylindrical Coordinates (p, ¢, z) 
dl=dpa,+dga, +dza, 
dS = pdodza ,,;dpdza,; pdddpa, 
dv = pdpdd¢dz 
A=A,a,+Aa,+A.a, 

OV 1 OV OV 
hee ad a,+——a, 
Op p 0¢ Oz 
1 O(PA,) 1 OA, OA, 

p op pop & 


aA aA A(pA,) OA 
vxa=| 2% ‘b+ 3 28,4 | Ae ml 


VV 


V-A 


pod Oz «Op P| op 0g 
2 2 
vy al 6) gon ec enc 
pop\ op) p ov ce 


C. Spherical Coordinates (7, 6, @) 
dl=dra,+rd0a, +rsin Odéga, 
dS =r’ sin Od@dga,;rsin Odrdga,;rdrda, 
dv=r’ sin @drd0d¢ 
A=Aa,+A,a,+ Aja, 
VV= cues + 2 vas ie Le 
Or r 00 rsin@ 0¢ 
_ 1 O(r°A,) 1 aAysind) | 1 Ay 
fOr rsin@ 00 rsin@ 0¢ 


V-A 
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O A sin 0 O rA l, 
V x 1 ( ¢ ») OA, ; 1 1 OA, ( ry) 1 o( Ay) OA, 


rsin@ 00 0g r| sin@ 0¢ Or Or 00 
2 
VV= z “Gear ; : y [sino ; ! 5 val 
r° Or or) r°-sin60@ 00) r sin’ @0¢ 
Maxwell’s Equations for static EM fields 
Differential Form Integral Form 
V-D=p, fD-ds = p,dv 
Ss v 
V-B=0 fB-dS =0 
RY 
VxE=0 pr -dl=0 
L 
VxH=J fH -dl=[JdS =1,,, 
L RY 


Generalised forms of Maxwell’s Equations to include time varying conditions 


Differential Form Integral Form 
V-D=p, {D-ds = p,dv 
Ss v 
V-B=0 fB-ds =0 
Ss 
Veep fr-d--£[B-as 
Ot : Ot 5 
oD 
VxH =J +— faa ={[s+2 Jas 
ot L Ss at 
Extra equations 
T 
dH = I dl = Bek 
47R 270 
H =! (cosa, — cosa, My i es Uae 
4p 
B=VxA F =Q(E+uxB) 
T= B 
mx Va __yi¥ 
dt 
y =|B-ds Vene = fE-dl =-{ Fas + $(uxB)-dl 
: L S at L 
By, = By, MA, = tyHy,, Hi, =Hy, By!) = By, / My 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
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